advantage. Any increase in benefit recovery (via kin selection) could move the cost/benefit ratio across the tipping point.
Kin selection is very likely to be a strong force helping maintain genes encoding secreted factor even in the absence of gene transfer. Bacteria are not randomly mixed; E. coli's neighbors in the intestinal lumen will be brethren produced from common (great) n -grandparents. Because cell division places daughter cells adjacent to one another, 'public goods' will be shared most frequently between members of a clone. The mechanistic question posed by Nogueira et al. ' s [5] model is whether gene transfer can convert neighboring cells into 'relatives' at a rate sufficient to minimize their depletion of the public goods. It is not clear that individuallevel selection is not sufficient to explain the data. First, we expect the genes under strong selection to be retained most readily; these would fail to show a history of loss and reacquisition. Genes under weak selection would be those detected by Nogueira et al. [5] , and these may be biased towards those encoded secreted proteins since their cost is large relative to their diluted benefits. Alternatively, genes encoding external and secreted proteins are often subject to frequency-dependent and/or diversifying selection, both of which may lead to gene loss and reacquisition [9] . It is very difficult to determine if the benefits recovered by individual cells fail to exceed the costs, therefore requiring kin selection to make up the difference. There is an association between genes encoding secreted proteins and integrases and they are more often found in recombination 'hotspots'. This would be expected if this were a mechanism for gene reacquisition, following from their first observation. Yet it does not address the question of relative cost and benefit.
How is cooperation enforced? If kin selection were to provide sufficient benefit to maintain cooperation, then enforcement is not necessary. Yet Nogueira et al. [5] offer an addition route, whereby addiction modules weed out cheaters. These genetic elements are easily acquired but difficult to lose, as their deletion from the genome can be lethal (hence 'addiction' of the cell to their presence) [10] . A common example is bacterial restriction/modification genes: acquisition of the genes is easy, but sudden loss can be lethal as the longer-lived restriction enzyme begins to degrade genomic DNA that is left unprotected by its cognate modification enzyme. The authors find an association between genes encoding secreted proteins and those belonging to addiction modules. Therefore, sudden loss of genes encoding social traits could also remove the addiction module, resulting in cell death; thus, this association enforces cooperation by preventing recidivism (Figure 1 ). The association between social genes and addiction modules may simply reflect the transit of both elements on extrachromosomal elements; it remains to be seen if a social gene's proximity to an addiction module has a meaningful impact on its frequency in the population.
As a whole, Nogueira et al. [5] 
Visual Maps: To Merge or Not To Merge
A recent study of a child born with one cerebral hemisphere has revealed an extreme developmental reorganization of visual cortex. Self-organizing visual maps demonstrate a surprisingly flexible restructuring in response to cortical loss.
Alyssa A. Brewer
Primate visual cortex consists of multiple maps of visual space which follow the organization of the retina -hence these maps are termed retinotopic [1] . Under normal conditions, these retinotopic maps are stable throughout life; however, there are several examples of how these retinotopic cortical maps can be altered by genetic mutations and/or early visual experience [2] [3] [4] . A recent study by Muckli et al. [5] provides a striking illustration of the flexibility of the development of these retinotopic maps in human visual cortex. In their case study, a 10 year old girl presents with a congenital loss of her right cerebral hemisphere but with a visual field of view that unexpectedly spans both hemifields of visual space. Such a drastic change in early in utero cortical development has rarely been investigated.
To understand why the preservation of her bilateral vision is so surprising, one must examine the typical pattern of spatial organization in visual cortex. Normally, the retinotopic maps of primate visual cortex span the occipital lobes of both cortical hemispheres ( Figure 1A ) [6] . The information from the left hemifield of visual space is represented in the primary visual cortex (V1) of the right occipital lobe, and the information from the right hemifield is represented in V1 of the left occipital lobe. A coherent representation of visual space is very carefully conserved in each V1, with the retinotopic map smoothly representing visual space from the upper to the lower vertical meridian of each hemifield. At the representations of the dorsal and ventral vertical meridia in V1, the spatial representations reverse back towards the horizontal meridian to form the dorsal and ventral quarterfield representations that comprise area V2 ( Figure 1B ). This repetition of distinct maps of visual space is repeated throughout large regions of visual cortex. Within a single visual field map, each position in visual space is only represented once, and each map is assumed to perform a set of unique computations across visual space [7] .
In accordance with this division of visual image processing into distinct hemispheres, image information from each hemifield normally reaches visual cortex along very separate pathways [8] . An image falling on the retinae is separated into nasal and temporal components in each eye. Figure 2A how the image information from just the left hemifield is transmitted from the retinae to visual cortex. The part of the image within the left hemifield falls on the nasal retina in the left eye and the temporal retina in the right eye. The information from these two sections of retinae representing the left hemifield is transmitted through the optic nerve to the optic chiasm. To keep the correct hemifield information together for collective cortical processing, the axons from the nasal retina of the left eye cross over to the right optic tract at the optic chiasm, while the axons from the temporal retina of the right eye remain on the right side. Together, these sets of fibers carrying left hemifield image information then project first to the right lateral geniculate nucleus (LGN) of the thalamus and then through the optic radiations to V1 at the occipital pole of the right cortical hemisphere. Retinotopic organization is preserved along these pathways and then integrated into specific maps within visual cortex under the guidance of molecular cues and patterns of coordinated activity [9] .
Consider in
So how does the child in the case study from Muckli et al. [5] have vision that spans both hemifields, when she is missing her entire right visual cortex? Muckli et al. [5] suggest that all of the axons of the intact left eye in their case study project to the left hemisphere, with the few axons of the underdeveloped right eye also all crossing at the chiasm to the left hemisphere ( Figure 2B ). The representations of visual space in this subject show a massive restructuring of the normal retinotopic maps to represent both hemifields in a single cortical hemisphere. Alternative patterns of map organization for the coherent merging of the representations of the left and right hemifields into a single hemisphere include: directly overlapping contralateral and ipsilateral maps and/or the insertion of additional, discrete ipsilateral spatial representations [10] . In the first case, the same region of cortex would represent both hemifields of space smoothly across the cortical representation, much like the interspersed input to ocular dominance columns. In the second, distinct islands of ipsilateral maps would be present within the distorted representation of the contralateral hemifield. Functional MRI (fMRI) measurements by Muckli et al. [5] suggest that both occur in their case study across areas V1, V2 and V3.
What might be the driving forces behind this unusual integration of both hemifields of visual space into one hemisphere? The axons of the optic nerve originating from the retinal ganglion cells usually find their way through this maze of pathways by following precise molecular guidance cues. These guidance cues direct specific axons to one hemisphere or the other, depending on the particular receptor expressed by each retinal cell interacting with receptor cues at the optic chiasm (for example, Eph-B1, Ephrin-B2 [11] ). The visual pathways are further refined by synchronized neuronal activity, both spontaneous waves and experience-driven responses [9] .
The disruption of normal guidance cues has been studied in several genetic models that demonstrate the possibility of the integration of contra-and ipsilateral visual fields into a single hemisphere (for example, albino mutations with complete chiasmatic crossing [3] ). One outstanding question has been the importance of potential contralateral and ipsilateral guidance cues in the proper development of visual pathways. In the case study by Muckli et al. [5] , the normal guidance cues from one entire hemisphere are lost. The redirection of the left nasal axons to the ipsilateral left hemisphere demonstrates that there are no repressor cues from the ipsilateral hemisphere preventing this restructuring of the visual pathways. With no changes in molecular expression thought to exist in the intact hemisphere in this subject, changes in the patterns of input activity are the likely organizing forces for the flexible restructuring of the internal representations of visual space in visual field maps like V1.
The interplay of changes in molecular guidance cues and self-organizing cortical activity produce a merged cortical representation of visual space in this unique subject. Her ability to see across both hemifields of visual space demonstrates the astonishing range of flexible restructuring of the visual pathways possible under extreme changes of cortical development. 
